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Peter Kirsch

Die Barbaren aus dem Suden.
-Europaer im alten Japan 1543 bis 1854-
(Mandelbaum Verlag, Wien, 2004)



1 Introduction

Part | Synthesis of Complex Organofluorine Compounds

2 Introduction of Fluorine

3 Perfluoroalkylation

4 Selected Fluorinated Structures and Reaction Types

5 The Chemistry of Highly Fluorinated Olefins

Part Il Fluorous Chemistry

6 Fluorous Chemistry

7 Fluorous Synthesis and Combinatorial Chemistry

Part 11l Applications of Organofluorine Compounds

8 Halofluorocarbons, Hydrofluorocarbons, and
Related Compounds

9 Pharmaceuticals and Other Biomedical Applications

Appendix A: Typical Synthetic Procedures
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Table 1.1  Dates and historical key events in the development of fluoroorganic chemistry.
Time Key event
1764 First synthesis of hydrofluoric acid from fluorspar and sulfuric acid by
A. S. Marggral, repeated in 1771 by C. Scheele CaFz + H2SO04 — HF
1863 Synthesis of benzoyl fluoride as the first fluorcorganic compound by
A. Borodin PhCOCI + MF — PhCOF + MCI
1886 First synthesis of elemental fluorine by H. Moissan (Nobel Prize in 1906) by
electrolysis of an HF-KF system HF-KF  —  F2 (gas)
1890s Beginning of halofluorocarbon chemistry by direct fluorination (H. Moissan)
and Lewis acid-catalyzed halogen exchange (F. Swarts) XCH + MF — FCH
1920s Access to fluoroarenes by the Balz-Schiemann reaction Ar-N2t BF4- = ArF
1930s Refrigerants (Freon, in Germany Frigen), fire extinguishing chemicals
T (Halon), aerosol propellants. Fluorinated dyes with enhanced color fastness.
Polymers (PTFE =~ Teflon), electrochemical fluorination (H. Simons)

1940s



19411954 Manhattan Project: highly resistant materials for isotope separation plants,
- lubricants for gas centrifuges, and coolants [RIRDEFE (Manhattan Project)

1950s Fluoropharmaceuticals, agrochemicals, artificial blood substitutes, respiratory
fluids, and chemical weapons

1980s Gases for plasma etching processes and cleaning fluids for the semiconductor
industry

1987 The Montreal Protocol initiates the phasing-out of CFCs # YV > B D RIE

1990s Fluorinated liquid crystals for active matrix liquid crystal displays (AM-LCDs)

2000s Fluorinated photoresists for the manufacture of integrated electronic circuits

by 157 nm photolithography
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Freeman John Dyson (1923- )
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CHCIF; ——————> :CF, + HC

=

CF,
>_<F :CF, >=<F side reaction
K,S,04, emulsion
in water
Y
'(CF ZCFZ)n'

PTEF(polytetrafluoroethylene)
(Teflon)

J.K. Plunkett with a cut cylinder of polymerized tetrafluoroethylene
at Du Pont(1938)
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Joe O’ Donnell (1922-2007)
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The children’s playground was a pile of rubble and broken bits of debris. After offering
them an apple, the oldest grabbed it from my hand; they were starving. But despite
their intense hunger, they shared the apple, even the skin and core. | tried not to gag
as | watched them eating the black flies which covered the entire apple until it was
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Many of these children had lost both parents either to the war or to the bomb. Those
who had no other living relatives became both mother and father to the babies. | don't
know where they slept, what they ate, how or even if they survived. It is estimated that
there were over 6,500 A-bomb orphans in Hiroshima alone.
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This older boy brought his dead brother to the cremation site to be removed from his
back and placed on the hot bed of ashes -- his funeral pyre. The older brother stood at
attention like a soldier, never looking down, his chin stern, and only the bitting of his
ower lip betraying his emotions. Afterwards, he quietly turned and walked away. |
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With thermal burns over his entire body, he clung to life. His massive burns caused
excruciating agony. Watching him suffer and the stench of bumed flesh made me sick.
| wanted to stop breathing, to stop seeing the maggots and flies feasting on his open
wounds. You will see few pictures such as this in my exhibit. | will not exploit these vic-
tims again.
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Outside the window, a grim scene. Inside, life goes on for a new generation of
Japanese school children. The true story of a courageous girl who succumed to
radiation sickness, told in the book A Thousand Cranes, is just one way Japanese
people choose to remember the ongoing tragedies of Nagasaki and
Hiroshima.Remembering, for we cannot, we must not, let anyone become the victim or
the attacker again.
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Children followed me everywhere, for they knew marines had candy, chewing gum,
and food. This picture shows a typical scene with a young marine handing out
sweels. Japan's food supply had been cut off from the Pacific for more than a year,
and ships from Asia, Korea, and China had been sunk by our planes. The Japanese
were starving.

Ko TLFEENHDOTHS, BERAXF +» T4 —PH L, TOBROR~HE
FoTLaZdZR-TOEDSE, SOFARFUEBEBAINTOLOZFHLRIZHN
TLWAEZIAT, UL AN ERRTHE, BANOKTHERO RS ]
ELLEmLTohTED, TV7. BE, HEISOKER LAKKOBRAIZL - TRIL
AhTui, BEARMA TV,












http://www.japanprobe.com/2008/08/08/
joe-odonnells-photos-of-nagasaki/

Joe O Donnell
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Tyge O'Donnell(middle) with Hibakushas Mr. Hayasaki(left) and Mr. Taniguchi(right)
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Table. Comparison of several properties of C-X bonds and C-C bond

X H F Cl Br | (

EEaRC-X? bondlength 109 138 177 194 213 -
A IR F— vondenery 98.0 115.7 77.2 64.3 50.7 ~83
ETBSTERE(-) etectronegatvity 2.20  3.98 3.14 2.96 2.66 2.55
BB FE—AE drle  (04) 1.41 1.46 1.38 1.19 -
van der Waals radius® 120 147 175 185 198 -
BFMBE o Sonicwiy 0.667 0.557 2.18 3.05 4.7 -

a) pm, b) kcal mol', ¢) w(C-X) (D), d) pm, e) 10%* cm™3

dielectric const. CF,, (1.69) vs C,H,, (1.89) vs C;F,-C;H (5.99)



Table 1.4 Comparison of selected physicochemical properties of n-hexane (1) and its perflu-

orinated (3) and semifluorinated (2) analogs [36].

Property

B.p.( C)

Heat of vaporization, AH_ (kcal mol ')
Critical temperature, T_ ('C)

Density, d* (g cm %)

Viscosity, n”* (cP)

Surface tension, y#* (dyn cm ')
Compressibility, # (10°® atm ')
Refractive index, ny*

Dielectric constant, ¢

69
6.9
235
0.655
0.29
17.9
150
1.372
1.89

7.9
200
1.265
0.48
14.3
198
1.190
5.99

57
6.7
174
1.672
0.66
11.4
254
1.252
1.69
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Figure 1.2 The zigzag conformation of octadecane (a) compared with the helical perfluo-
rooctadecane (b), modeled at the PM3 level of theory [39, 40].



Boiling point (°C)
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Chain length n (for C,H,,,,5 or C,Fay, )

Figure 1.3 The boiling points of homologous alkanes (¢#) compared with those of the cor-
responding perfluoroalkanes (W) [36).
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Figure 1.4 Boiling points of linear and branched isomers of perfluoropentane (white bars)
and pentane (gray bars) [36).
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Figure 1.5 Boiling points (gray bars) and dipole moments (D) (¢, numerical values in ital-

ics) of methane and the different fluoromethanes CH,

_.F, [36].
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Figure 1.6 (a) Comparison of the distri- hydrogen-bridged difluoromethane dimer.
bution of natural partial charges g (e) on The electrostatic potential (red denotes
CH,, CH,F,, and CF, (MP2/6-31+G** negative and blue positive partial charges)
level of theory) [46] and (b) the cal- is mapped on the electron isodensity

culated structure (AM1) of a doubly surface [40).
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Figure 1.7 X-ray crystal structure of the benzene-hexafluorobenzene 1:1 complex, mea-
sured at 30 K in the lowest-temperature modification [49b].




C-F Bond Length calculated by MP2/6-3 1+G(d.p):

CH,F (140 pm) > CHZF2 (137 pm) > CHF; (135 pm) > CF, (133 pm)
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Figure 1.9 Resonance stabilization of the carbon-fluorine
bond in tetrafluoromethane, and electrostatic and steric
shielding against nucleophilic attack on the central carbon
atom. The electrostatic potentials are mapped on the elec-
tron isodensity surface (calculation at the MP2/6-314+G*
level of theory [40, 46]; red denotes negative and blue posi-
tive partial charges).
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Table Acidities(pKa) of organic acids
iIn comparison with their fluorinated alnhalogs

Acid pK,
CH,COOH 4.76
CF,COOH 0.52
C,H.COOH 4.21
C.F.COOH 1.75
CH,CH,OH 15.9
CF,CH,OH 12.4
(CH,),CHOH 16.1
(CF,),CHOH 9.3
(CH,),COH 19.0
(CF,),COH 54
C,H.OH 10.0

C F.OH 5.5




Table Basicities(pKb) of organic bases
in comparison with their fluorinated alnalogs

Base pK,,
CH,CH,NH, Fh
CF,CH,NH, 8.1
C,H;NH, 9.4

C.F-NH, 14.36
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Scheme 1.2 Mechanism of ozone formation in the stratosphere [59]. Dioxygen is photo-
chemically split into atomic oxygen, which adds to another dioxygen molecule. The excess

energy from the recombination is carried away by a collision partner (M).
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Figure 1.10 Catalytic ozone degradation by CFCs in the stratosphere [59].



Table 1.7  Atmospheric lifetimes, global warming potential (GWP), and ozone-depleting po-
tential (ODP) of different fluorochemicals. The GWP of a material is the integrated radiative
forcing over 100 years after release of 1 kg divided by the integrated radiative forcing over the
same period from release of 1 kg of carbon dioxide [62, 65, 66a].

Compound Atmospheric lifetime cwp oDP
(vears)
CF, 50 000 5700 —
C,F, 10 000 11 400 —
CF,Cl (CFC13) 640 14 000 1.0
C,F.Cl (CFC-115) 1700 10 300 0.6
CF,Br (Halon 1301) 65 6 900 10.0
SF,CF, 1 000 17 500 -
SF, 3 200 22 200 —
CHF, (HFC-23) 243 14 800 -
CH,FCF, (HFC-1343) 13.6 1 600 —
C,F,OC,H, (HFE-7200) 0.77 55 —
HFO-1234yf — 4 ot
HFO-12342z¢ — 6 -
HFO-1233zd — 7 —

FJjji R IR ¥

HFO-1234y1  HFO-1234ze  HFO-1233zd

Scheme 1.3 Second-generation CFC re-
placements with reduced global warming
potential [64].

HFO(HydroFluoroOlefins)
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Scheme 1.4 The “alternating” toxicity of w-fluorocarboxylic acids can be explained by the

oxidative metabolism of fatty acids in C, units. Only if the number of carbon atoms is even

is the final oxidation product the highly toxic fluoroacetate [72]. Odd-membered w-fluoro
fatty acids are metabolized to the less toxic 3-fluoropropionate.
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Scheme 1.5 Formation of the toxic glutathione-perfluoroisobutene adduct.
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